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ESTOLIDES OF VEGETABLE OIL
ALKOXYLATES AND METHOD OF MAKING
AND USING

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a National Stage Application filed

under 35 U.S.C. 371 of International Application Number
PCT/US2017/057791, filed Oct. 23, 2017, which claims the
benefit of U.S. Provisional Patent Application Ser. No.
62/417,548, filed Nov. 4, 2016, the entire contents of which
are expressly herein incorporated by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not applicable.

FIELD

The present disclosure generally relates to estolides of
vegetable o1l alkoxylates and the methods of producing
such. In particular, the present disclosure 1s directed to a
method of reacting castor o1l and an alkoxylated glycerin via
a transesterification reaction to produce an estolide of castor
o1l alkoxylate. The present disclosure also generally relates
to compositions comprising an estolide of castor o1l alkoxy-
late and uses thereof.

BACKGROUND

Typically, vegetable o1l alkoxylates are prepared by direct
alkoxylation of one or more vegetable oils using base
catalysts. The direct alkoxylation process for producing a
vegetable o1l alkoxylate general comprises (1) reacting a
vegetable o1l such as coconut o1l or palm kernel o1l with
methanol using a base catalyst to form a methyl ester and
removing the glycerin byproduct, (1) hydrogenating the
methyl ester to form an alcohol, and (111) reacting the alcohol
with ethylene oxide (“EO”) and/or propylene oxide (“PO”)
to make the vegetable o1l alkoxylate.

For example, EP 0586323 discloses a detergent compo-
sition comprising mono-, di-, and tri-ester compounds pre-
pared by direct alkoxylation of coconut o1l and palm o1l.

Although various references teach the transesterification
of vegetable o1ls and alkoxylated glycerin to form vegetable
o1l alkoxylates (see, e.g., U.S. RE38,639, US 2012/0016039,
U.S. Pat. No. 5,986,117), they fail to teach the presently
disclosed and/or claimed estolides of castor o1l alkoxylates
and the process of producing such.

It 1s an object of the present disclosure to provide a
composition comprising an estolide of castor o1l alkoxylate
having improved properties over comparable castor oil
based alkoxylates produced via direct alkoxylation. It 1s also
an object of the present disclosure to provide compositions
comprising an estolide of castor o1l alkoxylate as well as
compositions and processes that utilize the estolide of castor
o1l alkoxylate.

FIGURES

FIG. 1 1s a representative 1llustration of the reaction
mechanism for producing an estolide of castor o1l alkoxy-
late.

FIG. 2 1s a graphical representation of the interfacial
tension of an estolide of castor o1l ethoxylate compared to
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the interfacial tension of castor o1l ethoxylates produced via
direct ethoxylation of castor oil.

FIG. 3 1s a graphical representation of the foaming
properties of an estolide of castor o1l ethoxylate compared to
the foaming properties of castor o1l ethoxylates produced via
direct ethoxylation of castor oil.

FIG. 4 1s a graphical representation of the surfactancy of
an estolide of castor o1l ethoxylate compared to the surfac-
tancy of castor o1l ethoxylates produced via direct ethoxy-
lation of castor oil.

DETAILED DESCRIPTION

Before explaining at least one embodiment of the present
disclosure 1n detail, 1t 1s to be understood that the present
disclosure 1s not limited in its application to the details of
construction and the arrangement of components or steps or
methodologies set forth 1n the following description or
illustrated 1n the drawings. The present disclosure 1s capable
ol other embodiments or of being practiced or carried out 1n
various ways. Also, it 1s to be understood that the phrase-
ology and terminology employed herein 1s for the purpose of
description and should not be regarded as limiting.

Unless otherwise defined herein, technical terms used 1n
connection with the present disclosure shall have the mean-
ings that are commonly understood by those having ordinary
skill 1n the art. Further, unless otherwise required by context,
singular terms shall include pluralities and plural terms shall
include the singular.

All patents, published patent applications, and non-patent
publications mentioned 1n the specification are indicative of
the level of skill of those skilled i the art to which the
present disclosure pertains. All patents, published patent
applications, and non-patent publications referenced 1n any
portion of this application are herein expressly incorporated
by reference in their entirety to the same extent as if each
individual patent or publication was specifically and 1ndi-
vidually indicated to be incorporated by reference to the
extent that they do not contradict the instant disclosure.

All of the compositions and/or methods disclosed herein
can be made and executed without undue experimentation 1n
light of the present disclosure. While the compositions and
methods of the present disclosure have been described in
terms of preferred embodiments, it will be apparent to those
having ordinary skill 1n the art that varniations may be applied
to the compositions and/or methods and in the steps or
sequences of steps of the methods described herein without
departing from the concept, spirit, and scope of the present
disclosure. All such similar substitutes and modifications
apparent to those skilled 1n the art are deemed to be within
the spirit, scope, and concept of the present disclosure.

As utilized in accordance with the present disclosure, the
following terms, unless otherwise indicated, shall be under-
stood to have the following meanings.

The use of the word “a” or “an”, when used 1n conjunction
with the term “comprising”’, “including”, “having”, or “con-
taining’” (or varnations of such terms) may mean “one’, but
it 1s also consistent with the meaming of “one or more”, “at
least one”, and “one or more than one”.

The use of the term “or” 1s used to mean “and/or” unless
clearly indicated to refer solely to alternatives and only if the

alternatives are mutually exclusive.
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Throughout this disclosure, the term “about” i1s used to
indicate that a value includes the inherent variation of error
for the quantitying device, mechamsm, or method, or the
inherent variation that exists among the subject(s) to be
measured. For example, but not by way of limitation, when
the term “about™ 1s used, the designated value to which 1t
refers may vary by plus or minus ten percent, or nine
percent, or eight percent, or seven percent, or s1x percent, or
five percent, or four percent, or three percent, or two percent,
or one percent, or one or more Iractions therebetween.

The use of “at least one” will be understood to include one
as well as any quantity more than one, including but not
limited to, 1, 2, 3, 4, 5, 10, 13, 20, 30, 40, 50, 100, etc. The
term “at least one” may extend up to 100 or 1000 or more
depending on the term to which it refers. In addition, the
quantities of 100/1000 are not to be considered as limiting
since lower or higher limits may also produce satisfactory
results.

In addition, the phrase “at least one of X, Y, and Z” will
be understood to include X alone, Y alone, and Z alone, as
well as any combination of X, Y, and 7. Likewise, the phrase
“at least one of X and Y” will be understood to include X
alone, Y alone, as well as any combination of X and Y.
Additionally, 1t 1s to be understood that the phrase “at least
one of” can be used with any number of components and
have the similar meanings as set forth above.

The use of ordinal number terminology (1.e., “first”,
“second”, “third”, “fourth™, etc.) 1s solely for the purpose of
differentiating between two or more 1tems and, unless oth-
erwise stated, 1s not meant to 1mply any sequence or order
or importance to one item over another or any order of
addition.

As used herein, the words “comprising” (and any form of
comprising, such as “comprise” and “comprises”), “having”
(and any form of having, such as “have” and “has™),
“including” (and any form of including, such as “includes™
and “include”) or “containing” (and any form of containing,
such as “contains” and “contain™) are inclusive or open-
ended and do not exclude additional, unrecited elements or
method steps.

The phrases “or combinations thereol” and “and combi-
nations thereof” as used herein refers to all permutations and
combinations of the listed items preceding the term. For
example, “A, B, C, or combinations thereof” 1s intended to
include at least one of: A, B, C, AB, AC, BC, or ABC and,
if order 1s 1mportant 1n a particular context, also BA, CA,
CB, CBA, BCA, ACB, BAC, or CAB. Continuing with this
example, expressly included are combinations that contain
repeats ol one or more 1tems or terms such as BB, AAA, CC,
AABB, AACC, ABCCCC, CBBAAA, CABBB, and so
torth. The skilled artisan will understand that typically there
1s no limit on the number of items or terms in any combi-
nation, unless otherwise apparent from the context. In the
same light, the term “and combinations thereof” when used
with the phrase “selected from the group consisting of”
refers to all permutations and combinations of the listed
items preceding the phrase.

The phrases “in one embodiment”, “in an embodiment™,
“according to one embodiment”, and the like generally mean
the particular feature, structure, or characteristic following
the phrase 1s included 1n at least one embodiment of the
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present disclosure, and may be included 1n more than one
embodiment of the present disclosure. Importantly, such
phrases are non-limiting and do not necessarily refer to the
same embodiment but, of course, can refer to one or more
preceding and/or succeeding embodiments. For example, in
the appended claims, any of the claimed embodiments can
be used 1n any combination.

As used herein, the terms “% by weight”, “wt. %”,
“weight percent”, or “percentage by weight” are used inter-
changeably and, unless stated otherwise, are based on the
total weight of the referenced composition.

The phrase “substantially free” shall be used herein to
mean present 1n an amount less than 1 weight percent, or less
than 0.1 weight percent, or less than 0.01 weight percent
based on the total weight of the referenced composition.

As used herein, the term “‘alkyl” 1s inclusive of both

straight chain and branched chain groups and of cyclic
groups. In some embodiments, the alkyl group may have up
to 40 carbons (1n some embodiments up to 30, 20, 15, 12, 10,
8, 7, 6, or 5 carbons) unless otherwise specified. Cyclic
groups can be monocyclic or polycyclic, and in some
embodiments, can have from 3 to 10 carbon atoms.
The term “estolide”, as used herein, 1s intended to be
consistent with the definition commonly accepted in the
fiecld. However, 1 any inconsistencies exist, the terms
“estolide” and “‘estolide of castor o1l alkoxylate”, as used
throughout the present disclosure, are intended to refer to the
structure defined by formula (I) and produced by the process
disclosed herein.

The term “‘pesticide” refers to at least one pesticide
selected from the group consisting of a fungicide, msecti-
cide, nematicide, herbicide, a safener, a plant growth regu-
lator and a mixture thereof. In one particular aspect, the
pesticide 1s selected from the group consisting of a fungi-
cide, msecticide, herbicide and a mixture thereof. The per-
son skilled 1n the art 1s familiar with such pesticides, which
can be found 1n, for example, the Pesticide Manual, 15th Ed.
(2011), The Bntish Crop Protection Council, London.

“Fungicide” means an active ingredient that kills, controls
or otherwise adversely modifies the growth of a fungal
pathogen. Examples of fungicides that can be employed in
the present disclosure include, but are not limited to,
(3-ethoxypropyl)-mercury bromide, 2-methoxyethylmer-
cury chloride, 2-phenylphenol, 8-hydroxyquinoline sulfate,
8-phenylmercurioxyquinoline, acibenzolar, acibenzolar-S-
methyl, acypetacs, acypetacs-copper, acypetacs-zinc,
aldimorph, allyl alcohol, ametoctradin, amisulbrom, ampro-
pylios, anilazine, aureofungin, azaconazole, azithiram,
azoxystrobin, bartum polysulfide, benalaxyl, benalaxyl-M,
benodanil, benomyl, benquinox, bentaluron, benthiavali-
carb, benthiavalicarb-isopropyl, benzalkonium chloride,
benzamacril, benzamacril-isobutyl, benzamorf, benzohy-
droxamic acid, bethoxazin, binapacryl, biphenyl, bitertanol,
bithionol, bixaten, blasticidin-S, Bordeaux mixture,
boscalid, bromuconazole, bupirimate, Burgundy mixture,
buthiobate, butylamine, calcium polysulfide, captatol, cap-
tan, carbamorph, carbendazim, carboxin, carpropamid, car-
vone, Cheshunt mixture, chinomethionat, chlobenthiazone,
chloraniformethan, chloranil, chlorfenazole, chlorodini-
tronaphthalene, chloroneb, chloropicrin, chlorothalonil,
chlorquinox, chlozolinate, climbazole, clotrimazole, copper
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acetate, copper carbonate, basic, copper hydroxide, copper
naphthenate, copper oleate, copper oxychloride, copper sili-
cate, copper sulfate, copper zinc chromate, cresol, cufraneb,
cuprobam, cuprous oxide, cyazofamid, cyclafuramid, cyclo-
heximide, cyflufenamid, cymoxanil, cypendazole, cypro-
conazole, cyprodinil, dazomet, dazomet-sodium, DBCP,
debacarb, decafentin, dehydroacetic acid, dichlofluanid,
dichlone, dichlorophen, dichlozoline, diclobutrazol, diclo-
cymet, diclomezine, diclomezine-sodium, dicloran,
diethofencarb, diethyl pyrocarbonate, difenoconazole, diflu-
metorim, dimethirimol, dimethomorph, dimoxystrobin,
diniconazole, diniconazole-M, dinobuton, dinocap, dinocap-
4, dinocap-6, dinocton, dinopenton, dinosultfon, dinoterbon,
diphenylamine, dipyrithione, disulfiram, ditalimfos, dithi-
anon, DNOC, DNOC-ammonium, DNOC-potassium,
DNOC-sodium, dodemorph, dodemorph acetate, dode-
morph benzoate, dodicin, dodicin-sodium, dodine, drazoxo-
lon, edifenphos, epoxiconazole, etaconazole, etem, etha-
boxam, ethirimol, ethoxyquin, ecthylmercury 2.3-
dihydroxypropyl mercaptide, ethylmercury  acetate,
cthylmercury bromide, ethylmercury chloride, ethylmercury
phosphate, etridiazole, famoxadone, fenamidone, fenamino-
sulf, fenapaml, fenarimol, fenbuconazole, fenfuram, fenhex-
amid, fenitropan, fenoxanil, fenpiclonil, fenpropidin, fen-
propimorph, fentin, fentin chloride, fentin hydroxide,
ferbam, ferimzone, fluazinam, fludioxonil, flumetover, flu-
morph, tluopicolide, fluopyram, fluoroimide, fluotrimazole,
fluoxastrobin, fluquinconazole, flusilazole, flusulfamide,
flutianil, flutolanil, flutriafol, fluxapyroxad, folpet, formal-
dehyde, fosetyl, fosetyl-aluminium, fuberidazole, furalaxyl,
turametpyr, furcarbanil, furconazole, furconazole-cis, fur-
tural, furmecyclox, furophanate, glyodin, griseofulvin,
guazatine, halacrinate, hexachlorobenzene, hexachlorobuta-
diene, hexaconazole, hexylthiofos, hydrargaphen, hymexa-
zol, 1mazalil, imazalil nitrate, 1mazalil sulfate, imibencona-
zole, 1minoctadine, iminoctadine triacetate, iminoctadine
trialbesilate, 1odomethane, 1pconazole, 1probenfos, iprodi-
one, 1provalicarb, 1soprothiolane, 1sopyrazam, 1sotianil,
1sovaledione, kasugamycin, kresoxim-methyl, mancopper,
mancozeb, mandipropamid, maneb, mebenil, mecarbinzid,
mepanipyrim, mepronil, meptyldinocap, mercuric chloride,
mercuric oxide, mercurous chloride, metalaxyl, metalaxyl-
M, metam, metam-ammonium, metam-potassium, metams-
sodium, metazoxolon, metconazole, methasulfocarb, meth-
furoxam, methyl bromide, methyl 1sothiocyanate,
methylmercury benzoate, methylmercury dicyandiamide,
methylmercury pentachlorophenoxide, metiram, metomi-
nostrobin, metrafenone, metsulfovax, milneb, myclobutanil,
myclozolin,  N-(ethylmercury)-p-toluene-sulphonanilide,
nabam, natamycin, nitrostyrene, nitrothal-isopropyl, nuari-
mol, OCH, octhilinone, ofurace, orysastrobin, oxadixyvl,
oxine-copper, oxpoconazole, oxpoconazole fumarate, oxy-
carboxin, pefurazoate, penconazole, pencycuron, pentlufen,
pentachlorophenol, penthiopyrad, phenylmercuriurea, phe-
nylmercury acetate, phenylmercury chloride, phenylmer-
cury derivative of pyrocatechol, phenylmercury nitrate, phe-
nylmercury salicylate, phosdiphen, phthalide,
picoxystrobin, piperalin, polycarbamate, polyoxins, poly-
oxorim, polyoxorim-zinc, potassium azide, potassium poly-
sulfide, potassium thiocyanate, probenazole, prochloraz,
procymidone, propamocarb, propamocarb hydrochloride,

10

15

20

25

30

35

40

45

50

55

60

65

6

propiconazole, propineb, proquinazid, prothiocarb, prothio-
carb hydrochloride, prothioconazole, pyracarbolid, pyra-
clostrobin, pyraclostrobin, pyrametostrobin, pyraoxystrobin,
pyrazophos, pyribencarb, pyridinitril, pyrifenox, pyrimetha-
nil, pyriofenone, pyroquilon, pyroxychlor, pyroxyfur, qui-
nacetol, quinacetol sulfate, quinazamid, quinconazole, qui-
noxyien, quintozene, rabenzazole, salicylanilide, sedaxane,
silthiofam, simeconazole, sodium azide, sodium orthophe-
nylphenoxide, sodium pentachlorophenoxide, sodium poly-

sulfide,

TCMTB, tebuconazole, tebufloquin, tecloftalam, tecnazene,

spiroxamine, streptomycin, sulfur, sultropen,

tecoram, tetraconazole, thiabendazole, thiadifluor, thicy-
ofen, thitluzamide, thiochlorfenphim, thiomersal, thiophan-
ate, thiophanate-methyl, thioqunox, thiram, tiadinil,
tioxymid, tolclofos-methyl, tolylfluanid, tolylmercury
acetate, triadimedfon, triadimenol, triamiphos, triarimol, tri-

azbutil, triazoxide, tributyltin oxide, trichlamide, tricycla-

zole, tridemorph, trifloxystrobin, triflumizole, triforine, triti-
conazole, umiconazole, uniconazole-P, validamycin,
valifenalate, vinclozolin, zarilamid, zinc naphthenate, zineb,
ziram, zoxamide and mixtures thereof.

“Insecticde” means an active mngredient that kills, controls
or otherwise adversely modifies the growth of an insect.
Examples of insecticides that can be employed 1n the present
disclosure include, but are not limited to, 1,2-dichloropro-
pane, abamectin, acephate, acetamiprid, acethion, aceto-
prole, acrinathrin, acrylonitrile, alanycarb, aldicarb, aldoxy-
carb, aldrin, allethrin, allosamidin, allyxycarb, alpha-
cypermethrin, alpha-ecdysone, alpha-endosulfan,
amidithion, aminocarb, amiton, amiton oxalate, amaitraz,
anabasine, athidathion, azadirachtin, azamethiphos, azin-
phos-ethyl, azinphos-methyl, azothoate, bartum hexafluoro-
silicate, barthrin, bendiocarb, benfuracarb, bensultap, beta-
cyfluthrin, beta-cypermethrin, bifenthrin, bioallethrin,
bioethanomethrin, biopermethrin, bistrifluoron, borax, boric
acid, bromifenvinfos, bromocyclen, bromo-DDT, bro-
mophos, bromophos-ethyl, bufencarb, buproiezin, butacarb,
butathiofos, butocarboxim, butonate, butoxycarboxim,
cadusalos, calcium arsenate, calcium polysulfide, cam-
phechlor, carbanolate, carbaryl, carbofuran, carbon disul-
fide, carbon tetrachlonde, carbophenothion, carbosulian,
cartap, cartap hydrochloride, chlorantraniliprole, chlorbicy-
clen, chlordane, chlordecone, chlordimeform, chlordime-
form hydrochloride, chlorethoxyios, chlorfenapyr, chlorfen-
vinphos,  chlorfluazuron, chlormephos, chloroform,
chloropicrin, chlorphoxim, chlorprazophos, chlorpyrifos,
chlorpyrifos-methyl, chlorthiophos, chromafenozide, cin-
erin I, cinerin 11, cinerins, cismethrin, cloethocarb, closantel,
clothianidin, copper acetoarsenite, copper arsenate, copper
naphthenate, copper oleate, coumaphos, coumithoate, cro-
tamiton, crotoxyphos, crufomate, cryolite, cyanoienphos,
cyanophos, cyanthoate, cyantraniliprole, cyclethrin, cyclo-
prothrin, cyfluthrin, cyhalothrin, cypermethrin, cypheno-
thrin, cyromazine, cythioate, DDT, decarbotfuran, deltame-
thrin, demephion, demephion-O, demephion-S, demeton,
demeton-methyl, demeton-O, demeton-O-methyl, demeton-
S, demeton-S-methyl, demeton-S-methylsulphon, diatenthi-
uron, dialifos, diatomaceous earth, diazinon, dicapthon,
dichlofenthion, dichlorvos, dicresyl, dicrotophos, dicyclanil,
dieldrin, diflubenzuron, dilor, dimefluthrin, dimefox, dime-
tan, dimethoate, dimethrin, dimethylvinphos, dimetilan,
dinex, dinex-diclexine, dinoprop, dinosam, dinotefuran,
diofenolan, dioxabenzotfos, dioxacarb, dioxathion, disulfo-
ton, dithicrotfos, d-limonene, DNOC, DNOC-ammonium,
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DNOC-potassium, DNOC-sodium, doramectin, ecdyster-
one, emamectin, emamectin benzoate, EMPC, empenthrin,
endosulfan, endothion, endrin, EPN, epofenonane, epri-
nomectin, esdepallethrine, esfenvalerate, etaphos, ethiofen-
carb, ethion, ethiprole, ethoate-methyl, ethoprophos, ethyl
formate, ethyl-DDD, ethylene dibromide, ethylene dichlo-
ride, ethylene oxide, etofenprox, etrimfos, EXD, famphur,
tenamiphos, fenazaflor, fenchlorphos, fenethacarb, fentlu-
thrin, fenitrothion, fenobucarb, fenoxacrim, fenoxycarb,
tenpirithrin, fenpropathrin, fensulfothion, fenthion, fen-
thion-ethyl, fenvalerate, fipronil, flonicamid, flubendiamide,
flucoturon, flucycloxuron, flucythrinate, flufenerim,
flufenoxuron, flufenprox, tluvalinate, fonofos, formetanate,
formetanate hydrochloride, formothion, formparanate,
formparanate hydrochloride, fosmethilan, fospirate, fosthi-
ctan, fufenozide, furathiocarb, furethrin, gamma-cyhalo-
thrin, gamma-HCH, halfenprox, halofenozide, HCH,
HEOD, heptachlor, heptenophos, heterophos, hexatlumuron,
HHDN, hydramethylnon, hydrogen cyanide, hydroprene,
hyquincarb, 1midacloprid, 1miprothrin, 1ndoxacarb,
iodomethane, IPSP, 1sazofos, 1sobenzan, 1socarbophos, iso-
drin, 1sofenphos, isofenphosmethyl, 1soprocarb, isoprothi-
olane, 1sothioate, 1soxathion, 1ivermectin, jasmolin I, jasmo-
lin II, jodfenphos, juvenile hormone I, juvenile hormone II,
juvenile hormone III, kelevan, kinoprene, lambda-cyhalo-
thrin, lead arsenate, lepimectin, leptophos, lindane, lirimios,
lufenuron, lythidathion, malathion, malonoben, mazidox,
mecarbam, mecarphon, menazon, mepertluthrin, mephosio-
lan, mercurous chloride, mesulientos, metaflumizone, meth-
acrifos, methamidophos, methidathion, methiocarb, metho-
crotophos, methomyl, methoprene, methothrin,
methoxychlor, methoxyienozide, methyl bromide, methyl
isothiocyanate, methylchloroform, methylene chloride,
metotluthrin, metolcarb, metoxadiazone, mevinphos, mex-
acarbate, milbemectin, milbemycin oxime, mipalox, mirex,
molosultap, monocrotophos, monomehypo, monosultap,
morphothion, moxidectin, naftalofos, naled, naphthalene,
nicotine, nifluridide, nitenpyram, nithiazine, nitrilacarb,
novaluron, noviflumuron, omethoate, oxamyl, oxydemeton-
methyl, oxydeprofos, oxydisulioton, para-dichlorobenzene,
parathion, parathion-methyl, penfluoron, pentachlorophe-
nol, permethrin, phenkapton, phenothrin, phenthoate, phor-
ate, phosalone, phosiolan, phosmet, phosnichlor, phos-
phamidon, phosphine, phoxim, phoxim-methyl,
pirimetaphos, pirimicarb, pirimiphos-ethyl, pirimiphos-
methyl, potassium arsenite, potasstum thiocyanate, pp'-
DDT, prallethrin, precocene I, precocene II, precocene IlI,
primidophos, profenoios, profluralin, profluthrin, promacyl,
promecarb, propaphos, propetamphos, propoxur, prothida-
thion, prothiofos, prothoate, protrifenbute, pymetrozine,
pyraclofos, pyrafluprole, pyrazophos, pyresmethrin, pyre-
thrin I, pyrethrin II, pyrethrins, pyridaben, pyridalyl, pyrida-
phenthion, pyrifluquinazon, pyrimidifen, pyrimaitate,
pyriprole, pyriproxylen, quassia, quinalphos, quinalphos-
methyl, quinothion, rafoxanide, resmethrin, rotenone, rya-
nia, sabadilla, schradan, selamectin, silatluotfen, silica gel,
sodium arsenite, sodium fluoride, sodium hexafluorosilicate,
sodium thiocyanate, sophamide, spinetoram, spinosad,
spiromesifen, spirotetramat, sulcofuron, sulcoturon-sodium,
sultluramid, sulfotep, sulfoxaflor, sulfuryl fluoride, sulpro-
fos, tau-fluvalinate, tazimcarb, TDE, tebufenozide, tebufen-
pyrad, tebupirimios, teﬂubenzuron,, tetluthrin, temephos,
TEPP, terallethrin, terbufos, tetrachloroethane, tetrachlo-
rvinphos, tetramethrin, tetramethylfluthrin, theta-cyperme-
thrin, thiacloprid, thiamethoxam, thicrofos, thiocarboxime,
thiocyclam, thiocyclam oxalate, thiodicarb, thiofanox, thio-
meton, thiosultap, thiosultap-disodium, thiosultap-monoso-
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dium, thuringiensin, tolfenpyrad, tralomethrin, transfluthrin,
transpermethrin, triarathene, triazamate, triazophos, trichlo-
rfon, trichlormetaphos-3, trichloronat, trifenofos, tritlu-

muron, trimethacarb, triprene, vamidothion, vaniliprole,
XMC, xylylcarb, zeta-cypermethrin, zolaprofos and mix-
tures thereof.

“Herbicide” means an active ingredient that kills, controls
or otherwise adversely modifies the growth of a plant.
Examples of herbicides that can be employed 1n the present
disclosure include, but are not limited to, 4-CPA, 4-CPB,
4-CPP, 2,4-D, 3,4-DA, 2,4-DB, 3,4-DB, 2,4-DEB, 2.4-DEP,
3.4-DP, 2.3,6-TBA, 2,4,5-T, 2,4,5-TB, acetochlor, acifluo-
rfen, aclonifen, acrolein, alachlor, allidochlor, alloxydim,
allyl alcohol, alorac, ametridione, ametryn, amibuzin, ami-
carbazone, amidosulfuron, aminocyclopyrachlor, aminopy-
ralid, amiprofos-methyl, amitrole, ammonium sulfamate,
anilofos, anisuron, asulam, atraton, atrazine, azafenidin,
azimsulturon, aziprotryne, barban, BCPC, beflubutamid,
benazolin, bencarbazone, benfluralin, benfuresate, bensul-
furon, bensulide, bentazone, benzadox, benziendizone, ben-
zZipram, benzobicyclon, benzofenap, benzofluor, benzoyl-
prop, benzthiazuron, bicyclopyrone, bifenox, bilanafos,
bispyribac, borax, bromacil, bromobonil, bromobutide, bro-
mofenoxim, bromoxynil, brompyrazon, butachlor, butatena-
cil, butamifos, butenachlor, buthidazole, buthiuron, butralin,
butroxydim, buturon, butylate, cacodylic acid, cafenstrole,
calcium chlorate, calcium cyanamide, cambendichlor, car-
basulam, carbetamide, carboxazole chlorprocarb, carfentra-
zone, CDEA, CEPC, chlomethoxyien, chloramben, chlora-
nocryl, chlorazifop, chlorazine, chlorbromuron, chlorbufam,
chloreturon, chlorfenac, chlorfenprop, chlorflurazole, chlo-
rflurenol, chloridazon, chlorimuron, chlormitrofen, chloro-
pon, chlorotoluron, chloroxuron, chloroxynil, chlorpro-
pham, chlorsultfuron, chlorthal, chlorthiamid, cinidon-ethyl,
cinmethylin, cinosulfuron, cisanilide, clethodim, cliodinate,
clodinafop, clofop, clomazone, clomeprop, cloprop, clo-
proxydim, clopyralid, cloransulam, CMA, copper suliate,
CPMEF, CPPC, credazine, cresol, cumyluron, cyanatryn,
cyanazine, cycloate, cyclosulfamuron, cycloxydim,
cycluron, cyhalofop, cyperquat, cyprazine, cyprazole,
cypromid, daimuron, dalapon, dazomet, delachlor, desme-
dipham, desmetryn, diallate, dicamba, dichlobenil, dichlo-
ralurea, dichlormate, dichlorprop, dichlorprop-P, diclofop,
diclosulam, diethamquat, diethatyl, difenopenten, difenox-
uron, dlfenzoquat diflufenican, diflufenzopyr, dimefuron,
dimepiperate, dimethachlor, dimethametryn, dimethenamid,
dimethenamid-P, dimexano, dim 1dazon, dinitramine,
dinofenate, dinoprop, dinosam, dinoseb, dinoterb, diphena-
mid, dipropetryn, diquat, disul, dithiopyr, diuron, DMPA,
DNOC, DSMA, EBEP, eglinazine, endothal, epronaz,
EPTC, erbon, esprocarb, ecthalfluralin, ethametsulifuron,
cthidimuron, ethiolate, ethofumesate, ethoxyien, ethoxysul-
furon, etinofen, etnipromid, etobenzanid, EXD, fenasulam,
tenoprop, fenoxaprop, fenoxaprop-P, fenoxasulione, fen-
teracol, fenthiaprop, fentrazamide, fenuron, ferrous suliate,
flamprop, flamprop-M, flazasulfuron, tlorasulam, fluazifop.,
fluazifop-P, fluazolate, {flucarbazone, flucetosulfuron,
fluchloralin, flufenacet, flufenican, flufenpyr, flumetsulam,
flumezin, flumiclorac, flumioxazin, flumipropyn, {flu-
ometuron, fluorodifen, fluoroglycotfen, fluoromidine, fluo-
ronitrofen, fluothiuron, flupoxam, flupropacil, flupropanate,
flupyrsulfuron, fluridone, fluorochloridone, fluoroxypyr,
flurtamone, fluthiacet, fomesaten, foramsulfuron, fosamine,
furyloxyien, glufosinate, glufosinate-P, glyphosate,
halosaten, halosulturon, haloxydine, haloxyfop, haloxyiop-
P, hexachloroacetone, hexaflurate, hexazinone, imazameth-
abenz, 1mazamoxX, 1mazapiCc, 1lmazapyr, 1mazaquin,
imazethapyr, 1imazosulfuron, indanofan, indazitflam, 1odo-
bonil, 1odomethane, 10dosulfuron, 10xynil, ipazine, iplencar-
bazone, 1prymidam, 1socarbamid, 1socil, 1somethiozin, 1so-




US 11,136,528 B2

9

noruron, 1isopolinate, 1sopropalin, 1soproturon, isouron,
1soxaben, 1soxachlortole, 1soxaflutole, 1soxapyrifop, karbu-
tilate, ketospiradox, lactofen, lenacil, linuron, MAA,
MAMA, MCPA, MCPA-thioethyl, MCPB, mecoprop,
mecoprop-P, medinoterb, mefenacet, metluidide, mesopra-
zine, mesosulifuron, mesotrione, metam, metamifop, met-
amitron, metazachlor, metazosulfuron, metflurazon, meth-

abenzthiazuron, methalpropalin, methazole, methiobencarb,
methiozolin, methiuron, methometon, methoprotryne,
methyl bromide, methyl 1sothiocyanate, methyldymron,
metobenzuron, metobromuron, metolachlor, metosulam,
metoxuron, metribuzin, metsulfuron, molinate, monalide,
monisouron, monochloroacetic acid, @ monolinuron,
monuron, morfamquat, MSMA, naproanilide, napropamide,
naptalam, neburon, nicosulfuron, nipyraclofen, nitralin,
nitrofen, nitrofluorfen, norflurazon, noruron, OCH, orben-
carb, orthodichlorobenzene, orthosulfamuron, oryzalin, oxa-
diargyl, oxadiazon, oxapyrazon, oxasulfuron, oxaziclom-
clone, oxyftluorfen, paratluoron, paraquat, pebulate,
pelargonic acid, pendimethalin, penoxsulam, pentachloro-
phenol, pentanochlor, pentoxazone, perfluidone, pethox-
amid, phenisopham, phenmedipham, phenmedipham-ethyl,
phenobenzuron, phenylmercury acetate, picloram, picolin-
afen, pinoxaden, piperophos, potassium arsenite, potassium
azide, potassium cyanate, pretilachlor, primisulfuron, pro-
cyazine, prodiamine, profluazol, profluralin, profoxydim,
proglinazine, prometon, prometryn, propachlor, propanil,
propaquizaiop, propazine, propham, propisochlor, propoxy-
carbazone, propyrisulfuron, propyzamide, prosulfalin, pro-
sulfocarb, prosulfuron, proxan, prynachlor, pydanon, pyra-
clonil, pyratlufen, pyrasuliotole, pyrazolynate,
pyrazosulfuron, pyrazoxyien, pyribenzoxim, pyributicarb,
pyriclor, pyridafol, pyrnidate, pyriftalid, pyriminobac, pyri-
misulfan, pyrithiobac, pyroxasulione, pyroxsulam, quinclo-
rac, quinmerac, quinoclamine, quinonamid, quzalofop,
quizalofop-P, rhodethanil, rimsulfuron, saflufenacil, S-me-
tolachlor, sebuthylazine, secbumeton, sethoxydim, siduron,
simazine, simeton, simetryn, SMA, sodium arsenite, sodium
azide, sodium chlorate, sulcotrione, sulfallate, sulfentra-
zone, sulfometuron, sulfosulturon, sultfuric acid, sulglyca-
pin, swep, TCA, tebutam, tebuthiuron, tefuryltrione, tem-
botrione, tepraloxydim, terbacil, terbucarb, terbuchlor,
terbumeton, terbuthylazine, terbutryn, tetratluoron, thenyl-
chlor, thiazafluoron, thiazopyr, thidiazim in, thidiazuron,
thiencarbazone-methyl, thifensulturon, thiobencarb, tiocar-
bazil, tioclorim, topramezone, tralkoxydim, tri-allate, tria-
sulfuron, triaziflam, tribenuron, tricamba, triclopyr, tridiph-
ane, trietazine, trifloxysulfuron, tritfluralin, triflusulifuron,
trifop, trifopsime, trihydroxytriazine, trimeturon, tripropin-
dan, tritac tritosulfuron, vernolate, xylachlor and mixtures
thereof.

“Safener” means an active mgredient applied with herbi-

cides to protect crops against their mjury. Some of the
safeners that can be employed 1n the present disclosure
include, but are not limited to, benoxacor, benthiocarb,
brassinolide, cloquintocet (mexyl), cyometrinil, daimuron,
dichlormid, dicyclonon, dimepiperate, disulioton, fenchlo-
razole-ethyl, fenclorim, flurazole, fluxofenim, furilazole,

1soxadifen-ethyl, mefenpyr-diethyl, MG 191, MON 4660,
naphthalic anhydride (NA), oxabetrinil, R29148, N-phe-
nylsulfonylbenzoic acid amides and mixtures thereof.
“Nematicide” means an active ingredient having an effect
on, such as reduction in the damage caused by, an agricul-
tural-related nematode. Examples of nematicides which may
be used 1n the present disclosure include, but are not limited
to, an avermectin (for e.g., abamectin), carbamate nemati-
cides (for e.g., aldicarb, thiadicarb, carbofuran, carbosulfan,
oxamyl, aldoxycarb, ethoprop, methomyl, benomyl, alany-

carb), organophosphorus nematicides (for e.g., phenamiphos
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(fenamiphos), fensulfothion, terbufos, fosthiazate, dime-
thoate, phosphocarb, dichlofenthion, 1samidofos, fosthietan,
1sazolos ethoprophos, cadusafos, terbuios, chlorpyrifos,
dichlofenthion, heterophos, 1samidofos, mecarphon, phor-
ate, thionazin, triazophos, diamidatos, fosthietan, phos-
phamidon, captan and mixtures thereof.

“Plant growth regulator” means an active mngredient used
to 1nfluence the growth characteristics of plants. Examples
of plant growth regulators which may be used in the present
disclosure 1nclude, but are not limited to, 1-naphthale-
neacetic acid, 1-naphthaleneacetic acid K-salt, 1-napthol,
2.,4-dichlorophenoxyacetic acid (2,4-D), 2,4-DB, 2.4-DEP,
2.3, 5-trmiodobenzoic  acid, 2.,4,5-trichlorophenoxyacetic
acid, 2-naphthoxyacetic acid, 2-naphthoxyacetic acid
sodium salt, 3-chloro-4-hydroxyphenylacetic acid, 3-in-
doleacetic acid, 4-biphenylacetic acid, 4-chlorophenoxy-
acetic acid (4-CPA), 4-hydroxyphenylacetic acid, 6-benzy-
laminopurine, Auxindole, a-naphthaleneacetic acid K-salt,
B-naphthoxyacetic acid, p-chlorophenoxyacetic acid,
dicamba, dichlorprop, fenoprop, indole-3-acetic acid (IAA),
indole-3-acetyl-DL-aspartic acid, indole-3-acetyl-DL-tryp-
tophan, indole-3-acetyl-L-alanine, indole-3-acetyl-L-valine,
indole-3-butyric acid (IBA), indole-3-butyric acid K-salt,
indole-3-propionic acid; a-naphthaleneacetic acid, methyl
indole-3-acetate, naphthaleneacetamide, naphthaleneacetic
acid (NAA), phenylacetic acid, picloram, potassium naph-
thenate, sodium naphthenate, 4-hydroxyphenethyl alcohol,
4-CPPU, 6-benzylaminopurine (BA), 6-(Y,Y-dimethylally-
lamino )purine (21P), 2-1P-2HCI, adenine, adenine hem 1sul-
fate, benzyladenine, kinetin, meta-topolin, N6-benzoylad-
cnine, N-benzyl-9-(2-tetrahydropyranyl) adenine (BP A),
N-(2-chloro-4-pyridyl)-N-phenylurea, gibberellic  acid
(GA,), gibberellins, gibberellins A4+A7 (GA,,,), ethylene
and abscisic acid.

The term “target substrate” refers to a site underlying
plant foliage which 1s the intended destination for the
pesticide including, but not limited to, natural ground sur-
faces such as soil, water (for e.g. lakes, ponds, marshes,
swamps, streams, puddles, etc.) and artificial surfaces (for
¢.g. pavement), a pest, or a combination thereof.

A “pest” generally includes an insect, mite, tick and other
arthropods, a disease agent such as fungi, protozoa, bacteria
and viruses, helminths, nematodes (roundworms), cestodes
(tapeworms), platyhelminths (flatworms), trematodes
(flukes) and other worms, sporozoan parasites, slugs and
snails, and vertebrates such as birds, rodents or other ver-
tebrates which can directly or indirectly injure or cause
disease or damage 1n any plant or part thereof or any
processed, manufactured or other product of the plant.

A “pesticidally effective amount” refers to that amount of
a pesticide which, upon application, either reduces the
presence ol pests, or enhances a plant’s resistance to a pest.

Turning to the present disclosure, it was surprisingly
found that subjecting a specific ratio of castor o1l and an
alkoxvylated glycerin to a transesterification reaction 1n the
presence ol a base catalyst produces a unique estolide of
castor o1l alkoxylate having relatively improved properties
over similar castor o1l alkoxylates prepared by direct alkoxy-
lation.

The present disclosure 1s generally directed to a compo-
sition comprising an estolide produced from the transesteri-
fication reaction of castor o1l and alkoxylated glycerin—
otherwise referred to herein as “an estolide of castor oil
alkoxvylate.” In particular, the present disclosure 1s directed
to a composition comprising an estolide having a formula

(I):
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(D)
RF

wherein R' 1s H, CH,, CH,CH,, or a combination thereof; x,
y, and z each range from 2 to 100 and the sum of x, y, and
7z 15 1n a range of from 6 to 300; and R 1s a C, unsaturated 4
alkyl group.

In one embodiment, R' 1s hydrogen. In another embodi-
ment, X, y, and z each range from 2 to 75, or from 2 to 50,
or from 2 to 25, or from 2 to 10, or from 2 to 5.

According to one particular embodiment, the sum of x, y, 30
and z 1n formula (I) 1s 1n a range of from 6 to 275, or from
6 to 250, or from 6 to 225, or from 6 to 200, or from 6 to
175, or from 6 to 150, or from 6 to 125, or from 7 to 100,
or from 7 to 90, or from 7 to 80, or from 7 to 70, or from
7 to 60, or from 7 to 50, or from 8 to 50, or from 8 to 45, 3°
or from 8 to 40, or from 9 to 40, or from 9 to 30, or from
5 to 30, or from 5 to 25, or from 5 to 15, or from 5 to 10,
or from 10 to 25, or from 10 to 15. In a preferred aspect, the
sum of X, y, and z 1n formula (I) 1s 1n a range of from 10 to

25.

In yet another embodiment, R' 1s hydrogen and the sum of
X, v, and z 1s 1n a range of from 10 to 25 for formula (I).

In one embodiment, the estolide represented by formula
(I) 1s the reaction product of castor oil and alkoxylated ,5
glycerin. The alkoxylated glycerin can be selected from
cthoxylated glycerin, propoxylated glycerin, butoxylated
glycerin, or combinations thereof.

Castor o1l typically comprises 85 to 95 wt. % ricinoleic

acid, 2 to 6 wt. % oleic acid, 1 to 5 wt. % linoleic acid, 0.5 50
to 1 wt. % palmitic acid, 0.5 to 1 wt. % stearic acid, and
about 0.5 to 4 wt. % other acids. In one non-limiting
example, the castor o1l comprises 89.5 wt. % ricinoleic acid,
4.2 wt. % linoleic acid, 3.0 wt. % oleic acid, 1.0 wt. %
palmitic acid, 1.0 wt. % stearic acid and 1.3 wt. % other 55
acids. One non-limiting commercial example of castor oil 1s
the castor o1l provided by Acme-Hardesty (Blue Bell, Pa.)
having a mimimum ricinoleic acid content of 85 wt. %, a
maximum oleic acid content of 1 wt. %, and a maximum
amount of insoluble impurnities of 0.02 wt. %. 60
In another aspect, the present disclosure 1s directed to a
method of producing a composition comprising an estolide
of castor o1l alkoxylate, wherein the method comprises (1)
combining a base catalyst, castor oil, and an alkoxylated
glycerin to form a reactant mixture, and (1) heating the 65
reactant mixture at a temperature 1n a range of from 110° C.

to 150° C.

40

The alkoxylated glycerin 1s represented by formula (I1I):

(1)

i I‘{’
R’ O—{CH—CH—O{=H
0O

H—+0—CH—CH,

RF

C _
OA[CHQ—CH—O-—H

wherein R' 1s H, CH,, CH,CH,, or a combination thereof;
and X, y, and z each range from 2 to 100 and the sum of x,
y, and z 1s 1n a range of from 6 to 300.

In one embodiment, R' 1s hydrogen. In another embodi-
ment, X, v, and z each range from 2 to 75, or from 2 to 50,
or from 2 to 25, or from 2 to 10, or from 2 to 5.

According to one particular embodiment, the sum of x, v,
and z 1n formula (II) 1s 1 a range of from 6 to 275, or from
6 to 250, or from 6 to 225, or from 6 to 200, or from 6 to
175, or from 6 to 150, or from 6 to 125, or from 7 to 100,
or from 7 to 90, or from 7 to 80, or from 7 to 70, or from
7 to 60, or from 7 to 50, or from 8 to 50, or from 8 to 43,
or from 8 to 40, or from 9 to 40, or from 9 to 30, or from
5 to 30, or from 5 to 25, or from 5 to 15, or from 5 to 10,
or from 10 to 25, or from 10 to 15. In a preferred aspect, the
sum of X, y, and z in formula (II) 1s 1n a range of from 10 to
25.

In yet another embodiment, R' 1s hydrogen and the sum of
X, vy, and z 1s 1n a range of from 10 to 25 for formula (II).

A representative 1llustration of the method of producing
the estolide of castor o1l alkoxylate 1s shown 1n FIG. 1.

The castor o1l 1s present in the reactant mixture at an
amount 1n a range of from about 60 to about 80 wt. %, or
from about 65 to about 75 wt. %, or from about 66 to about
74 wt. %, or from about 67 to about 73 wt. %, or from about
68 to about 72 wt. %, or from about 69 to about 71 wt. %
based on the combined weight of the castor oil and the
alkoxylated glycerin. In one aspect, the castor o1l 1s present
in the reactant mixture at about 70 wt. % based on the
combined weight of the castor o1l and the alkoxylated
glycerin.
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The alkoxylated glycerin 1s present in the reactant mixture
at an amount 1n a range of from about 20 to 40 wt. %, or from
about 25 to 35 wt. %, or from about 26 to about 34 wt. %,
or from about 27 to about 33 wt. %, or {from about 28 to
about 32 wt. %, or from about 29 to about 31 wt. % based
on the combined weight of the castor o1l and the alkoxylated

glycerin. In one aspect, the alkoxylated glycerin 1s present 1n
the reactant mixture at about 30 wt. % based on the
combined weight of the castor o1l and alkoxylated glycerin.

In one embodiment, the alkoxylated glycerin 1s produced
by (1) combining glycerin and an alkylene oxide, wherein the
alkylene oxide 1s selected from the group consisting of
cthylene oxide, propylene oxide, and butylene oxide, and (11)
heating the combination of glycerin and alkylene oxide at a
temperature 1n a range of from about 120° C. to about 1635°
C., or from about 120° C. to about 160° C., or from about
150° C. to about 165° C., or from about 150° C. to about
160° C., or from about 155° C. to about 165° C. It 1s to be

understood that a person of ordinary skill in the art 1s fully
capable of determiming the amount of time to heat the
combination of glycerin and alkylene oxide based on (1) the
targeted amount of alkoxylation and (11) the specific heating,
conditions.

In one particular embodiment, the castor o1l and alkoxy-
lated glycerin are present in the reactant mixture at a weight
ratio of from about 80:20 to about 60:40, or from about
75:25 to about 65:35, or at about 70:30 of castor o1l to
alkoxylated glycerin.

The base catalyst comprises a strong base having a pH
greater than 9, or from 9 to 13, or from 10 to 13. In one
embodiment, the base catalyst comprises a strong base
including potassium hydroxide, sodium hydroxide, ammo-
nium hydroxide, sodium methoxide, potasstum methoxide,
or combinations thereol. In one particular aspect, the base
catalyst 1s potassium hydroxide. One non-limiting example
of the base catalyst 1s a 45 wt. % potassium hydroxide
solution commercially available from Ashta Chemicals, Inc.
(Ashtabula, Ohio).

The base catalyst can be removed from the estolide
composition using, for example, one or more additional
processing steps such that the composition 1s substantially
free of the base catalyst. Alternatively, the base catalyst can
be allowed to remain 1n the reactant mixture and/or resulting
estolide composition.

In one embodiment, the reactant mixture comprising the
base catalyst, castor o1l, and alkoxylated glycerin i1s heated

at a temperature in a range of from about 110° C. to about
150° C., or from about 110° C. to about 140° C., or from

about 130° C. to 145° C., or from about 130° C. to about
140° C. The reactant mixture 1s heated for a time 1n a range
of, for example but without limitation, from about 45
minutes to 90 minutes, or from about 50 minutes to about 75
minutes, or for about 60 minutes.

The method of producing the composition comprising an
estolide of castor o1l alkoxylate can turther comprise adding
a neutralizing agent to the reactant mixture after the heating
step. The neutralizing agent can comprise hydrogen perox-
1de, acetic acid, citric acid, or combinations thereof. In one
aspect, the neutralizing agent 1s selected from the group
consisting of hydrogen peroxide, acetic acid, citric acid, and
combinations thereof.

In one particular aspect, the method of producing the
composition comprises adding hydrogen peroxide to the
reactant mixture after the heating step.

In another aspect, the method of producing the composi-
tion comprising an estolide of castor o1l alkoxylate further

10

15

20

25

30

35

40

45

50

55

60

65

14

comprises producing the alkoxylated glycerin prior to com-
bining the base catalyst, castor o1l, and alkoxylated glycerin.

The alkoxylated glycerin can be produced by a method
comprising (1) combiming glycerin and an alkylene oxide,
wherein the alkylene oxide 1s selected from the group
consisting of ethylene oxide, propylene oxide, and butylene
oxide, and (1) heating the combination of glycerin and

alkylene oxide at a temperature in a range of from about
120° C. to about 165° C., or from about 120° C. to about

160° C., or from about 150° C. to about 165° C., or from
about 150° C. to about 160° C., or from about 155° C. to
165° C. It 1s to be understood that a person of ordinary skill
in the art 1s fully capable of determining the amount of time
to heat the combination of glycerin and alkylene oxide based
on (1) the targeted amount of alkoxylation and (i1) the
specific heating conditions.

Another aspect of the present disclosure 1s directed to a
cement mortar composition comprising (1) cement and (11)
the composition comprising an estolide represented by for-
mula (I) as described herein.

Non-limiting examples of the cement 1include a pozzolan
powder, Portland cement, slag cements, other types of
conventional cements, or combinations thereof. Non-limait-
ing examples of the pozzolan powder include Class C
fly-ash, Class F fly-ash, Class N pozzolanic ash, and com-
binations thereof.

The cement mortar composition can further comprise at
least one of an aggregate material, a thickening agent, an
anti-sag agent, an air entraining agent, a wetting agent, a
defoamer, a superplasticizer, a dispersant, a calctum-com-
plexing agent, a retarder, an accelerator, a water repellant, a
redispersible powder, a biopolymer, fibres, a freeze-thaw
regulator, a corrosion inhibitor, a strength enhancer, a
cement grinding aid, and water.

The cement mortar composition can also comprise one or
more fillers in addition to the cement. Non-limiting
examples of the one or more fillers include silica sand,
natural sand, manufactured fine aggregate from stone pro-
duction, bottom ash, slag, ground glass, recycled foundry
sand, and combinations thereof.

Yet another aspect of the present disclosure 1s directed to
a pigment dispersion comprising a pigment, a solvent, and
the composition comprising an estolide represented by for-
mula (I) as disclosed herein.

The pigment can be an 1organic pigment, organic pig-
ment, or combinations thereof.

Non-limiting examples of the 1norganic pigments include
titanium oxide, 1iron oxide, calcium oxide, barium sulfate,
aluminum hydroxide, barium yellow, cadmium red, chrome
yellow, and carbon black manufactured by known methods
such as contact methods, furnace methods, and thermal
methods.

Non-limiting examples of the organic pigments include an
azo pigment (azo lakes, insoluble azo pigments, condensed
azo pigments, chelate azo pigments, etc.), a polycyclic
pigment (phthalocyanine pigments, perylene pigments, peri-
none pigments, anthraquinone pigments, quinacridone pig-
ments, dioxazine pigments, indigo pigments, thioindigo
pigments, 1soindolinone pigments, and quinoiuranone pig-
ments, etc.), a dye chelate (basic dye type chelates, acid dye
type chelates), a nitro pigment, a nitroso pigment, and
aniline black.

In one embodiment, the pigment comprises one or more
black pigments including, for example but without limita-
tion, (1) carbon black (C.I. Pigment Black 7) such as furnace
black, lamp black, acetylene black, and channel black, (11)
metals such as copper and iron (C.I. Pigment Black 11), (i11)
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metal compounds such as titanium oxide, and (1v) organic
pigments such as aniline black (C.I. Pigment Black 1).

In another embodiment, the pigment comprises one or
more pigments for colors other than black. Non-limiting
examples of colored pigments include C.I. Pigment Yellow
1, 3, 12, 13, 14, 17, 24, 34, 35, 37, 42 (yellow titanium
oxide), 53, 55, 74, 81, 83, 95, 97, 98, 100, 101, 104, 108,
109, 110, 117, 120, 128, 138, 150, 151, 153, and 183, C.I.
Pigment Orange 35, 13, 17, 36, 43, and 31, C.I. Pigment Red
1,2,3,5,17, 22,23, 31, 38, 48:2, 48:2 {Permanent Red 2B
(Ca)}, 48:3, 48:4, 49:1, 52:2, 53:1, 57:1 (Brilliant Carmine
6B), 60:1, 63:1, 63:2, 64:1, 81, 83, 88, 101 (colcothar), 104,
1035, 106, 108 (cadmium red), 112, 114, 122 (quinacridone
magenta), 123, 146, 149, 166, 168, 170, 172, 177, 178, 179,
185, 190, 193, 209, 219 and 254, C.I. Pigment Violet
(Rhodamine Lake), 3, 3:1, 16, 19, 23, and 38, C.I. Pigment
Blue 1, 2, 15, 15:1, 13:2, 13:3, (phthalocyanine blue), 15:4,
16, 17:1, 36, 60, 63, and C.I. Pigment Green 1, 4, 7, 8, 10,
17, 18, and 36.

The solvent comprises water and/or organic solvents.
Non-limiting organic solvents include, but are not limited to,
xylene, toluene, an alcohol (for e.g., methanol, ethanol,
n-propanol, 1so-propanol, n-butanol, sec-butyl alcohol, tert-
butyl alcohol, 1so-butyl alcohol, turfuryl alcohol and tetra-
hydrofurturyl alcohol), a ketone or ketoalcohol (for e.g.,
acetone, methyl ethyl ketone and diacetone alcohol), an
cther (for e.g., dimethyl ether and methyl ethyl ether), a
cyclic ether (for e.g., tetrahydrofuran and dioxane), an ester
(for e.g., ethyl acetate, ethyl lactate, ethylene carbonate and
propylene carbonate), a polyhydric alcohol (for e.g., ethyl-
ene glycol, diethylene glycol, triethylene glycol, propylene
glycol, tetracthylene glycol, polyethylene glycol, glycerol,
2-methyl-2,4-pentanediol and 1,2,6-hexantriol), a hydroxy
functional ether of alkylene glycol (for e.g., butyl 2-hy-
droxyethyl ether, hexyl 2-hydroxyethyl ether, methyl 2-hy-
droxypropyl ether and phenyl 2-hydroxypropyl ether), a
nitrogen containing cyclic compound (for e.g., pyrrolidone,
N-methyl-2-pyrrolidone and 1,3-dimethyl-2-1midazolidi-
none), and a sulfur containing compound (for e.g. thiogly-
col, dimethyl sulfoxide and tetramethylene sulione).

In one embodiment, the estolide having formula (I) 1s
present 1n the pigment dispersion at a weight ratio of from
about 0.001:50 to about 1:50, or from about 0.01:50 to 1:20,
or from about 0.1:50 to about 1:1 of the estolide to pigment.

The pigment dispersion can further comprise one or more
additives. Non-limiting examples of the one or more addi-
tives include a foaming agent, anti-foaming agent, defoamer,
pH regulator, rheology modifier, freeze-thaw regulator,
thixotrope, antisettling agent, dispersant, wetting agent, cor-
rosion inhlibitor, light stabilizer, heat stabilizer, adhesion
promoter, anti-oxidant, biocide, leveling agent, antiblocking,
agent, resin, wax, coalescing agent, emulsifier surfactant, a
resin, or combinations thereof.

Another aspect of the present disclosure 1s directed to a
detergent composition containing the composition compris-
ing an estolide represented by formula (I) as disclosed
herein.

Conventional components of detergent compositions
include, but are not limited to, a surfactant, bleaches and
bleach activators, an enzyme and enzyme stabilizing agent,
a suds booster or suds suppresser, an anti-tarnish and anti-
corrosion agent, a non-builder alkalinity source, a chelating
agent, an organic and/or inorganic {iller, solvent, hydrotrope,
optical brightener, dye, perfume, and modified cellulose
cther fabric treatment agent. The fabric care agents or
delivery enhancing agent of the present disclosure may be a
component of or added to a detergent composition or a fabric
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conditioner. The detergent composition may be 1n the form
of a granule, liquid, or tablet. Detergent compositions of the
present disclosure may be made in accordance with U.S. Pat.
Nos. 6,274,540 and 6,306,817, which are incorporated by
reference herein 1n their entirety.

In one embodiment, the detergent composition comprises
an estolide represented by formula (I) and at least one of a
surface active agent, an enzyme, an enzyme stabilizer, a
hydrotrope, a rheology modifier, an anti-redeposition poly-
mer, an optical brightener, a preservative, a dye, and a
fragrance.

The surface active agent comprises, for example but
without limitation, one or more of an anionic surfactant,
cationic surfactant, amphoteric surfactant, non-ionic surfac-
tant, or combinations thereof.

The enzyme can be any suitable enzyme including, for
example but without limitation, hemicellulase, peroxidase,
protease, cellulase, xylanase, lipase, phospholipase,
esterase, cutinase, pectinase, keratanase, reductase, oxidase,
phenoloxidase, lipoxygenase, ligninase, pullulanase, tan-
nase, pentosanase, malanase, [3-glucanase, arabinosidase,
hyaluronidase, chondroitinase, laccase, and known amy-
lases, and combinations thereof. Other types of enzymes
may also be included. They may be of any suitable origin,
such as vegetable, animal, bacterial, fungal and yeast origin.
However, their choice 1s governed by several factors such as
pH-activity and/or stability optima, thermostability, stability
versus active detergents, builders and so on. In some
embodiments, the enzyme combination comprises a cocktail
of conventional detersive enzymes like protease, lipase,
cutinase and/or cellulase 1n conjunction with amylase.
Detersive enzymes are described in greater detail in U.S.
Pat. No. 6,579,839, which 1s hereby incorporated by refer-
ence herein 1n 1ts entirety. In some aspects, the compositions
herein contain from about 0.05% to about 2% by weight of
a detersive enzyme.

Additional enzymes, amounts thereof, and non-limiting
examples of enzyme stabilizers are discussed 1n detail 1n
U.S. Patent Application Publication No. 2008/0234165,
which 1s hereby incorporated by reference herein in 1its
entirety.

It 1s also envisioned that the presently disclosed compo-
sition comprising an estolide represented by formula (I) can
be used as an emulsifier in crop oil and/or as an emulsifier
for blow agents 1n polyurethane production.

In still yet another aspect, there 1s provided a lubricating
o1l concentrate useful 1n metal forming or cutting applica-
tions which comprises the composition comprising an
estolide represented by formula (I) as described herein and
a base o1l. Lubricating o1l concentrates and their compo-
nents/amounts are described in US 20150051132, the con-
tents of which 1s incorporated by reference herein 1n its
entirety. It has been surprisingly found that the composition
comprising an estolide represented by formula (I) may act
not only as an emulsifier to enable the formation of a stable
emulsion after the lubricating o1l concentrate has been
diluted with water but may also impart lubricity in the
concentrate formulation.

In one aspect, the composition comprising an estolide
represented by formula (I) as described herein may be
present in the lubricating o1l concentrate 1n an amount of
about 1% by weight to about 90% by weight, based on the
total weight of the lubricating o1l concentrate. In another
aspect, the composition comprising an estolide represented
by formula (I) as described herein may be present in the
lubricating o1l concentrate in an amount of about 2% by
weilght to about 50% by weight, based on the total weight of
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the lubricating o1l concentrate. In a further aspect, the
composition comprising an estolide represented by formula
(I) as described herein may be present in the lubricating o1l
concentrate 1n an amount of about 3% by weight to about
30% by weight, or in an amount of about 4% by weight to
about 25% by weight, or even 1n an amount of about 5% by
weilght to about 20% by weight, based on the total weight of
the lubricating o1l concentrate.

The lubricating o1l concentrate of the present disclosure
also 1ncludes a base oil, 1n some aspects, the base o1l will
have a kinematic viscosity in the range of from about 1 ¢St
to about 1000 ¢St at a temperature of 40° C. In one particular
aspect, the base o1l 1s a petroleum-based o1l, vegetable oil,
ammal-derived o1l, a synthetic o1l or a mixture thereof.

Examples of petroleum-based oils which may be used in
the present disclosure include, but are not limited to, naph-
thalenic oils, paraflinic oils, crude oils, diesel oils, mineral
seal oi1ls, kerosenes, fuel oils, white o1ls and aromatic oils.

Examples of vegetable o1ls or amimal-derived oils include,
but are not limited to, canola o1l, walnut o1l, cashew nut o1l,
olive o1l, corn o1l, peanut o1l, grape seed o1l, o1ticia o1l, palm
o1l, rapseed oil, fish o1l, fish liver oil, sperm o1l, oleic acid,
bear oi1l, whale o1l, and linseed o1l.

Examples of synthetic oils include, but are not limited to,
hydrocarbon oi1ls and halo-substituted hydrocarbon oils such
as polymerized and interpolymerized olefins, for example
polybutylenes, polypropylenes, propylene-1sobutylene
copolymers, chlorinated polybutylenes, poly(1-hexenes),
poly(1-octenes), poly(1-decenes), alkyl benzenes such as
dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes and
di-(2-ethylhexyl)benzenes, polyphenyls such as biphenyls,
terphenyls, and alkylated polyphenyls, and alkylated diphe-
nyl ethers and alkylated diphenyl sulfides and derivatives,
analogs and homologs thereof. Alkylene oxide polymers and
derivatives thereof where terminal hydroxy groups have
been modified by esterification, etherification etc. constitute
another class of synthetic oils. These are exemplified by
polyoxvallcylene polymers prepared by the polymerization
of ethylene oxide or propylene oxide, the alkyl and aryl
cthers of these polyoxyalkylene polymers such as methylpo-
ly1sopropylene glycol ethers, diphenyl and diethyl ethers of
polyethylene glycol, and mono and polycarboxylic esters
thereot, for example, the acetic esters, mixed C,-C aliphatic
acid esters, C, ,-C,, fatty acid esters, and C, ; oxo diester of
tetracthylene glycol. Stmple aliphatic ethers may be used as
synthetic oils, such as, dioctyl ether, didecyl ether, di(2-
cthylhexyl) ether. Other synthetic oils comprise the esters of
tatty acids such as ethyl oleate, lauryl hexanoate, and decyl
palmitate and the esters of dicarboxylic acids such as
phthalic acid, succinic acid, maleic acid, azelaic acid,
sebacic acid, fumaric acid, adipic acid, linoleic acid dimer,
malonic acid, alkyl malonic acids, alkenyl malonic acids
with a variety of alcohols, such as butyl alcohol, hexyl
alcohol, dodecyl alcohol, 2-ethylhexyl alcohol, ethylene
glycol, diethylene glycol monoethyl ether, propylene glycol
are also useful. Specific examples of these esters include
dibutyl adipate, di(2-ethylhexyl) sebacate, di-n-hexyl
tfumarate, dioctyl sebacate, diisoctyl azelate, dioctyl phtha-
late, didecyl phthalate, dieicosyl sebacate, the 2-ethylhexyl
diester of linoleic acid dimer, and the complex ester formed

by reacting one mole of sebacic acid with two moles of

tetracthylene glycol and two moles of 2-ethyl-hexanoic acid,
and polyalphaolefins.

In one aspect, the base o1l 1s a mixture of at least two of

the o1ls described above.
In some aspects, the base o1l may be present i the
lubricating o1l concentrate 1n an amount of about 0.5% by
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weight to about 97.5% by weight, based on the total weight
of the lubricating o1l concentrate. In another aspect, the base
o1l may be present 1n the lubricating o1l concentrate 1n an
amount of about 5% by weight to about 95% by weight,
based on the total weight of the lubricating o1l concentrate.
In other aspects, the base o1l 1s present in the lubricating o1l
concentrate 1n an amount greater than about 40% by weight,

based on the total weight of the lubricating o1l concentrate.
In further aspects, the base o1l 1s present 1n the lubricating o1l
concentrate 1 an amount less than about 40% by weight,
based on the total weight of the lubricating o1l concentrate.
In still other aspects, the base o1l 1s present 1n the lubricating

o1l concentrate 1n an amount of about 30% by weight to
about 85% by weight, based on the total weight of the
lubricating o1l concentrate while 1n still other aspects, the
base o1l 1s present in the lubricating o1l concentrate in an
amount of about 3% by weight to about 30% by weight,
based on the total weight of the lubricating o1l concentrate.

In some aspects, the lubricating oil concentrate may
optionally contain one or more additives. Such additives
include, but are not limited to, a surfactant such as an anionic
surfactant (for e.g. alkali, alkaline earth or ammonium salts
ol sulfonates, sulfates, phosphates, carboxylates, and mix-
tures thereol), a corrosion inhibitor such as alkaline and
alkanolamine salts of organic acids, sulfonate, amine, amide,
and organic borate compounds, a biocide such as o-phe-
nylphenol, a bactericide, fungicide, algaecide, colorant, fra-
grance, chelating agent, pH bullering agent, solubilizer,
anti-oxidant, anti-foaming agent, extreme pressure agent,
water and mixtures thereof.

The lubricating o1l concentrate may be prepared by
admixing the composition comprising an estolide repre-
sented by formula (I) as disclosed herein with the base o1l
and optional additives.

In some aspects, the lubricating o1l concentrate may be
used ““as-1s” while 1n other aspects the lubricating o1l con-
centrate may be diluted with water, preferably deionized
water, or other aqueous solution prior to addition to an
aqueous medium. In aspects where the lubricating o1l con-
centrate 1s used “as 157, the base o1l 1s preferably a vegetable
o1l.

Surprisingly, it has been found that addition of the lubri-
cating o1l concentrate to an aqueous medium produces a
stable, low foaming aqueous emulsion. According to some
particular aspects, the stable, low foaming aqueous emulsion
1s obtained by the addition of the lubricating o1l concentrate
comprising the estolide represented by formula (I) as dis-
closed herein and an amionic surfactant to an aqueous
medium, preferably deionized water.

According to one particular aspect, the lubricating com-
ponent 1s used “as 1s” in a lubricating o1l formulation to
reduce Iriction and wear in moving machinery.

According to another particular aspect, the lubricating o1l
concentrate may be dispersed in an aqueous medium and
used for a cutting or grinding process. The lubricating o1l
concentrate for a cutting or grinding process may be dis-
persed 1n an aqueous medium at a concentration of about 5
weilght parts to about 20 weight parts of o1l concentrate per
100 parts of aqueous medium (for e.g. water or deionized
water) and may include the following

Wt. % based on
the total weight

of the lubricating
o1l concentrate

Lubricating Oil
Concentrate Components

Delonized Water 20-40
Base Oil 5-25
Anionic surfactant 5-15
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-continued

Wt. % based on
the total weight

of the lubricating
o1l concentrate

Lubricating Oil
Concentrate Components

Composition comprising an estolide 5-15
represented by formula (I)
Additive(s) 0-35

In one particular aspect, the lubricating oil concentrate
components for use 1n such a cutting or grinding process
may include:

Wt. % based on
the total weight

of the lubricating
o1l concentrate

Lubricating Oil
Concentrate Components

Delonized Water 20-40
Monoethanoamine 3-8
Triethanolamine 5-10
Tricarboxylic acid 0-5
Base Oil 5-25
Anionic surfactant 5-15
Composition comprising an estolide 5-10
represented by formula (I)

Glycol ether 0-5
Dodecanol 0-5

In yet another aspect, the composition comprising an
estolide having the formula (I) of the present disclosure 1s
included 1 an agrochemical formulation for application
onto a target substrate to elicit a chemical or biological
ellect. In such aspect, the agrochemical formulation com-
prises (1) a pesticidally effective amount of a pesticide or a
mixture of pesticides and (11) the composition comprising an
estolide having a formula (I) as described herein. According
to some aspects, the composition comprising an estolide
having the formula (I) 1s present in the agrochemaical for-
mulation at a concentration such that the pesticidal eflicacy
of the agrochemical formulation 1s enhanced as compared to
a reference agrochemical formulation devoid of the compo-
sition comprising an estolide having the formula (I) but
otherwise having the same ingredients as the agrochemical
formulation. By “enhanced” 1t 1s to be understood that the
composition comprising an estolide having the formula (I)
of the present disclosure increases the performance of the
active mgredients 1n agrochemical formulations (for e.g., a
higher activity of the active ingredients for a given appli-
cation rate, a lower application rate with a given eflect,
better uptake of the active ingredient by the target substrate,
and thus advantages for a pre-emergence or post-emergence
treatment, in particular the spray treatment of target sub-
strates) as compared to agrochemical formulations that do
not contain an estolide having the formula (I) of the present
disclosure.

In some aspects, the composition useful 1n agrochemical
formulations may consist of the estolide represented by
formula (I) while 1n other aspects the composition may
comprise the estolide represented by formula (I) and an
auxiliary component.

Examples of auxiliary components include, but are not
limited to, a solvent, liquid carrier, solid carrier or filler,
anmionic surfactant (for e.g. alkali, alkaline earth or ammo-
nium salts of sulfonates, sulfates, phosphates, carboxylates,
and mixtures thereotl), nomonic surfactant ({or e.g. alkoxy-
lates, N-substituted fatty acid amides, amine oxides, esters,
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sugar-based surfactants, polymeric surfactants, and mixtures
thereol), cationic surfactant (for e.g. quaternary ammonium
compounds with one or two hydrophobic groups, or salts of
long-chain primary amines), dispersant, emulsifier, wetter,
adjuvant, solubilizer, penetration enhancer, protective col-
loid, adhesion agent, thickener, humectant, repellent, attrac-
tant, feeding stimulant, compatibilizer, bactericide, anti-
freezing agent, crystallization inhibitor, anti-foaming agent,
colorant, tackifier, binder, preservative, inorganic or organic
acid to neutralize the pH, clarifier, stabilizer, fertilizer such
as ammonium sulfate, urea or compound fertilizer, such as
phosphorus-, potash- and nitrogen-based compound fertil-
1zers (for e.g. P, K, N fertilizers), UV stabilizer and mixtures
thereof.

According to some aspects, the composition useful 1n
agrochemical formulations may include (1) about 0.1-99.9%
by weight of an estolide represented by formula (1) and (11)
about 0.1-99.9% by weight of an auxiliary component,
where the % by weight 1s based on the total weight of the
composition. In another aspect, the composition may include
(1) about 0.1-50% by weight of an estolide represented by
formula (I) and (1) about 0.1-50% by weight of the auxiliary
component, where the % by weight 1s based on the total
weight of the composition. In yet a further aspect, the
composition may include (1) about 0.1-29.9% by weight of
an estolide represented by formula (I) and (11) about 70.1-
99.9% by weight of an auxiliary component, where the % by
weight 1s based on the total weight of the composition.

As described above, the composition comprising an
estolide represented by formula (1) of the present disclosure
enhances the bioactivity of a pesticide, thus the composition
1s a composition wherein, when combined with a pesticide
or mixture of pesticides to form an agrochemical formula-
tion and applied to a target substrate, achieves at least 60%,
65%, 70%, 75%, 80 or even at least 85%, or even at least
90% control. “% control,” as used herein, refers to any
observable measure of control of target substrate growth,
which can include one or more of the actions of (1) killing,
(2) imnhibiting growth, reproduction or proliferation, and (3)
removing, destroying, or otherwise diminishing the occur-
rence and activity of pests. Control can be measured by any
of the various methods known 1n the art.

Accordingly, 1n another aspect, there 1s provided an
agrochemical formulation comprising a pesticide and the
composition comprising an estolide represented by formula
(I) of the present disclosure (and optional auxiliary compo-
nent(s)). The agrochemical formulation may be used in
treating target substrates, such as those disclosed above, and
refers to all forms of compositions including concentrates
and spray formulations. “Spray formulations” are aqueous
agrochemical formulations including all the components
which 1t 1s desired to apply to the target substrate or their
environment 1 a form and at a concentration (dilution)
appropriate for spraying. Spray formulations can be made up
by simple dilution of concentrates containing desired com-
ponents (other than water), or by mixing of the individual
components, or a combination of diluting a concentrate and
adding further imndividual components or mixtures of com-
ponents. Typically such end use mixing 1s carried out in the
spray tank from which the formulation 1s sprayed or a
holding tank for filling the spray tank and commonly such
mixing and mixtures are called tank mixing and tank mix-
tures. “Concentrates” are agrochemical formulations, which
may be aqueous or non-aqueous, and which are designed to
be diluted with water (or a water based liquid) to form the
corresponding spray formulations and include such compo-
sitions 1n liqud form such as solutions, emulsions or dis-
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persions and 1n solid form, especially 1n water dispersible
solid form, such as granules or powders. “Emulsifiable
concentrates” are liquid “concentrates” including the pesti-
cide and composition comprising an estolide represented by
formula (I) 1n solution or dispersion, usually also including
an emulsifier and/or surfactant, which readily emulsity on
dilution 1n water, typically with no more than gentle stirring.

The amount of pesticide included in the agrochemical
formulation of the present disclosure will vary according to
a number of parameters, such as the target substrate to be
treated, the area to be treated, etc. In general, a rate of
application from about five grams to about four kilograms
per hectare (g/ha) of pest1c1de may be suitable. The amount
of the composition comprising an estolide represented by
formula (I) in the agrochemical formulation may be from
about 0.01-99% by weight, based on the total weight of the
agrochemical formulation.

The agrochemical formulations of the present disclosure
may be used in conventional agricultural methods. For
example, the pesticide or mixture of pesticides and compo-
sition comprising an estolide represented by formula (1) may
be mixed with water and/or other solvent(s) and/or fertilizers
and applied post-emergence to a desired target substrate by
any means, such as airplane spray tanks, knapsack spray
tanks, cattle dipping vats, farm equipment used in ground
spraying (for e.g., boom sprayers, hand sprayers), and the
like.

As discussed above, 1n accordance with some aspects, the
agrochemical formulation can be a concentrate composition,
which can be diluted i1n a suitable volume of water to form
a spray formulation (for e.g., a tank mix composition) for
applying to the target substrate. The concentrate composi-
tion can be 1n liquid, solid, or semi-solid form. In at least one
aspect, 1t 1s an aqueous concentrate composition.

In one particular aspect, the amount of the pesticide in the
concentrate composition can be from about 1% by weight to
about 80% by weight, alternatively from about 16% by
weilght to about 60% by weight, alternatively from 35% by
weilght to about 55% by weight, based on the total weight of
the concentrate composition. The amount of the composition
comprising an estolide represented by formula (I) 1n the
concentrate composition may be from about 0.0001% by
weight to about 20% by weight, alternatively between from
about 0.001% by weight to about 15% by weight, or
alternatively from about 0.01% by weight to about 10% by
weight percent, or alternatively from about 0.1% by weight
to about 5% by weight, or even alternatively from about
0.5% by weight to about 3% by weight, based on the total
weight of the concentrate composition.

The concentrate composition can be diluted by a user with
water to render a spray formulation containing ifrom about
0.01% by weight to about 15% by weight, alternatively from
about 0.1% by weight to about 5% by weight, alternatively
from about 0.2% by weight to about 2% by weight of the
pesticide, based on the total weight of the spray formulation.
The spray formulation can typically contain from about
0.0001% by weight to about 3% by weight, alternatively
from about 0.001% by weight to about 1% by weight,
alternatively from about 0.01% by weight to about 0.5% by
weight percent of the composition comprising an estolide
represented by formula (I) of the present disclosure.

In other aspects of the present disclosure, the pesticide
and composition comprising an estolide represented by
formula (I) are combined to form a *“‘ready-to-use” (RTU)
spray formulation. The RTU spray formulation can be
prepared by a user by diluting a concentrate composition as
described above, or alternatively can be provided to the user
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as 1s. For example, the RTU spray formulation can contain
from about 0.5% by weight to about 5% by weight, alter-
natively from about 0.75% by weight to about 3% by weight,
alternatively from about 1.5% by weight to about 2.5% by
weight of the pesticide, based on the total weight of the RTU
spray formulation. The RTU spray formulation can contain
from about 0.01% by weight to about 2.5% by weight,
alternatively from about 0.2% by weight to about 2% by
weilght, alternatively from about 0.5% by weight to about
1% by weight of the composition comprising an estolide
represented by formula (I) of the present disclosure. The
balance of the RTU composition can be water.

In still yet another aspect, there 1s provided a method for
killing or inhibiting or repelling a pest comprising the steps
of providing an agrochemical formulation comprising (1) a
pesticidally effective amount of a pesticide and (11) a com-
position comprising an estolide represented by formula (1) of
the present disclosure and optional auxiliary component(s)
and contacting the agrochemical formulation and the pest.

Examples are provided below. However, the present dis-
closure 1s to be understood to not be limited 1n 1ts application
to the specific experiments, results, and laboratory proce-
dures disclosed herein below. Rather, the Examples are
simply provided as one of various embodiments and are
meant to be exemplary and not exhaustive.

Improved Interfacial Tension, Foaming, and Surfactancy
Properties

To 1llustrate the improved properties of the presently
disclosed estolides of castor o1l alkoxylates, three difierent
estolide compositions were prepared from ethoxylated glyc-
erin having either 10 moles, 15 moles, or 25 moles of
cthoxylation, and were compared to alkoxylates produced
via direct alkoxylation of castor o1l and ethoxylated glycerin
having 10 moles, 15 moles, and 25 moles of ethoxylation.

It should be noted that the number of moles of alkoxy-
lation (e.g., 10 moles of ethoxylation) for alkoxylated glyc-
erin refers to the number of stoichiometric equivalents of
alkylene oxide added to one stoichiometric equivalent of
glycerin. That 1s, for formula (II) disclosed herein, the
number of moles of alkoxylation equals the sum of “x”, “y”,
and “z”. The same applies for formula (I) disclosed herem
For instance, an ethoxylated glycerin having 10 moles of
cthoxylation can be represented by formula (II), wherein R’
1s hydrogen and the sum of x, y, and z 1s 10. A person of
ordinary skill in the art will understand that x, y, and z do not
necessarily have to be equal.

Estolide Compositions

To make the estolide compositions, three ethoxylated
glycerin compositions were first produced having 10 moles,
15 moles, and 25 moles of ethoxylation. In order to clarity
the process, only the procedure for producing estolides from
10 mole-ethoxylated glycerin will be set out below. A person
of ordinary skill in the art will readily recogmize the steps
necessary to increase the moles of ethoxylation to 15 and 25.

The ethoxylated glycerin having 10 moles of ethoxylation
was produced by charging 17.23 parts (weight percent)
glycerin and 0.22 parts 45% potassium hydroxide (commer-
cially available from Ashta Chemicals, Inc. (Ashtabula,
Ohi10)) 1nto a clean, dry nitrogen purged reactor and heated
at 100 to 115° C. for nitrogen stripping until water was
present at 0.05 wt. % or less. The vessel was then heated to
145° C. Thereatter, 82.44 parts ethylene oxide was charged
and reacted at 155 to 165° C. and less than 60 psig until the
pressure change was less than 0.5 psig over a thirty minute
period. The reactor was slowly vented and nitrogen stripped
for 90 minutes at 120° C. Samples of the product were
analyzed for hydroxyl number to determine 1f the target
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amount of ethoxylation was reached and corrections were
made as necessary. Once the hydroxyl number was
achieved, the reaction was cooled to 95° C. and 0.1 parts
acetic acid were charged incrementally. The reaction product
was mixed for 20 minutes and then used in an esterification
reaction with castor oil.

The esterification reaction was carried out by adding 29.5
parts (weight percent) of the 10 mole ethoxylated glycerin
described above with 0.6 parts 45% potasstum hydroxide 1in
a round bottom flask equipped with a heating mantle,
thermocouple, overhead stirring, and nitrogen inlet. The
composition was mixed while heating at 140° C. until the
amount of water thereimn was less than 0.1%. The reaction
was then cooled to 120° C. and 68.9 parts castor oil
(commercially available from Acme-Hardesty Co. (Blue
Bell, Pa.)) was slowly added into the tlask over 60 minutes.
The reaction was allowed to digest for 15 minutes before
adding 1 part hydrogen peroxide to bleach the matenal.
Comparative Direct Alkoxylation Compositions

The comparative direct alkoxylation example having 10
moles of ethoxylation was prepared by charging 67.4 parts
(weight %) of castor o1l and 0.23 parts 45% potassium
hydroxide to a clean, dry, nitrogen purged reactor. The
material was heated to a range of 120° C. to 127° C. and
dried under vacuum until the water content was less than
0.05%. After stripping, temperature was increased to 135° C.
to 146° C. and 19 parts of ethylene oxide was added. The
material was allowed to digest at 160° C. until a pressure
drop less than 1 psig was recorded over a 30 minute period.
Once the pressure drop was stabilized, the material was
neutralized with glacial acetic acid.

The same procedure was followed for the comparative
direct alkoxylation examples having 15 moles and 25 moles
ol ethoxylation.

Three separate tests were performed to analyze the prop-
ertiecs of the estolides as compared to the compositions
prepared via direct alkoxylation.

Interfacial tension: The 1nterfacial tensions of the estolide
examples and the comparative direct ethoxylation examples
were tested using a KRUSS DVT30 drop volume tensiom-
cter (KrUss GmbH of Hamburg, Germany) to test their
interfacial tension with olive oil.

The interfacial tension results are illustrated 1in FIG. 2,
wherein lower interfacial tension values are preferred. As
can be seen i FIG. 2, the comparative direct ethoxylation
examples had significantly higher interfacial tension
between 10 and 25 moles of ethoxylation when compared to
the estolide examples.

Foaming: The foaming properties of the estolide
examples and the comparative direct ethoxylation examples
were tested by mdividually adding 200 mL samples of each
to a Waring blender and then mixing for 10 seconds on
maximum speed. Each mixed sample was then poured into
separate graduated cylinders. The foam heights were mea-
sured mitially and then once again after five minutes.

The foaming properties for the estolide examples and the
comparative direct ethoxylation examples are 1llustrated 1n
FIG. 3, wherein the larger foam height values demonstrate
better foaming properties. As can be seen in FIG. 3, the
estolide examples had significantly better foam height than
the comparative direct ethoxylation examples.

Surfactancy: The surfactancy (1.e., the efliciency of a

wetting agent) was tested using the Draves Wetting Test
following ASTM D2281 where a cotton skein was dropped
into a graduated cylinder containing a surfactant solution the
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estolide or comparative compositions. The time required for
the string connecting to the sinker and the skein to relax 1s
recorded as the wetting time.

The surfactancy of the estolide examples and the com-
parative direct ethoxylation examples are 1llustrated in FIG.
4, wherein lower wetting times suggest better surfactancy.
As can be seen 1 FIG. 4, the surfactancy (or wetting time)
of the estolide examples were better than the comparative
direct ethoxylation examples between 10 moles and 25
moles of ethoxylation.

Mortar Flow Test

A mortar flow test according to ASTM C1437 and a
mortar slump test according to ASTM C143 were also
performed using a mortar comprising: a) 450 g Type I
Portland Cement from Lafarge, b) 1350 g ASTM ¢778 test
sand form local natural silica suppliers, ¢) Sodium Mont-
morillonite from Sigma Aldrich, with a measured surface
area of 58 m*/g, d) MIGHTY 21ES from Kao Chemical as
the polycarboxylic ether (PCE), ¢) distilled water, and 1) a
clay mitigating agent (CMA) selected from either an estolide
of castor o1l alkoxylate or a comparative example prepared
by direct alkoxylation of castor oil.

The mixture design was set to be 41% water to cement
ratio, 0.14% PCE to cement ratio, 0.08% of the clay miti-
gating agent to cement ratio, and 0.5% clay to sand ratio.
Two drops of SURFONIC® LF68 defoamer (commercially
availlable from Huntsman Petrochemical LL.C, Woodlands,
Tex.) were also added to the composition as an anti-foaming
agent.

The comparative example was prepared as set forth above
for the comparative direct alkoxylation example having 10
moles of ethoxylation.

The estolide of alkoxylated castor o1l was prepared as set
forth above for the estolides produced from 10 mole-
cthoxylated glycerin.

The following tables (Tables 1-3) illustrate the slump,
flow, and workability of the above-described mortar when 1)
not including any clay mitigation agents, 2) including the
above-described comparative example prepared by direct
alkoxylation as a mitigating agent, and 3) including the
above-described estolide of castor o1l ethoxylate as a miti-
gating agent. The workability value—as used herein—is the
value of “slump+ilow-100".

TABLE 1

Slump (mm)

9 min 30 min 60 min
Reference 51 17 —
(No clay mitigating agent)
Castor Oil Direct Ethoxylation 78 62 52
Estolide of Castor Oil Ethoxylate 80 77 68
TABLE 2
Flow (mm)
9 min 30 min 60 min
Reference 113 102 —
(No clay mitigating agent)
Castor Oil Direct Ethoxylation 134 121 118
Estolide of Castor Oil Ethoxylate 138 134 130
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TABLE 3

Workability (mm)

9 min 30 min 60 min
Reference 64 19 —
(No clay mitigating agent)
Castor O1l Direct Ethoxylation 112 83 70
Estolide of Castor Oil Ethoxylate 118 111 9%

The reference sample 1n Table 1 shows the flow of the
mortar without any clay mitigating agents. It 1s seen that due
to the presence of clay 1n the formula, the flowability of the
mortar dropped quickly within 30 minutes of observation.
After adding the above-noted CMAs to the mortar, the flow
was 1mproved for the estolide example at 9 minutes, and
significantly improved for the estolide example after 30 and
60 minutes, and the mortar remained flowable throughout
the whole 60-minute observation period.

The slump life of the mortar was also significantly pro-
longed by the above-mentioned estolide example. As seen 1n
Table 2 the slump value was improved by the castor oil
direct alkoxylation example but was greatly improved by the
estolide example over time.

Table 3 indicates the overall workability was improved
from 9 minutes to 60 minutes by the estolide example. The
estolide of castor o1l alkoxylate showed much greater capac-
ity than the castor o1l direct alkoxylation molecules 1n
promoting good slump/tlowability/workability in the mortar
containing clay-contaminated sand.

Pigment Dispersion Test

A pigment dispersion test was also performed using an
estolide of castor o1l alkoxylate as a dispersant. For com-
parison, the following compositions were also used as
dispersants: 1) a castor oil alkoxylate produced by direct
alkoxylation of castor oil, 2) a soybean o1l ethoxylated
glycerin produced by transesterification of soybean o1l and
cthoxylated glycerin (10 moles of ethoxylation) at a weight
ratio of 30:70 soybean o1l to ethoxylated glycerin, and 3)
soybean o1l ethoxylated glycerin (25 moles of ethoxylation)
having a weight ratio of 30:70 of soybean o1l to ethoxylated
glycerin.

The dispersants were prepared using the following pro-
cedures:

The estolide of alkoxylated castor o1l was prepared as set
forth above for the estolides produced from 10 mole-
cthoxylated glycerin.

The comparative example was prepared as set forth above
for the comparative direct alkoxylation example having 10
moles of ethoxylation.

The soybean o1l alkoxylated glycerin samples were pre-
pared exactly the same as the estolide of alkoxylated castor
o1l using ethoxylated glycerin having 10 moles of ethoxy-
lation and 25 moles of ethoxylation. However, the process
did not produce estolides of the soybean o1l alkoxylated
glycerin.

Additionally, a reference dispersant was used. The refer-
ence dispersant was a leading commercial pigment disper-
sant, DISPERBYK® 190 dispersant, available from BYK
Additives & Instruments (Wesel, Germany).

In order to test the impact of the dispersants on pigment
dispersion, the dispersants were individually combined with
25% pi1gment (blue pigment PB 15:4 commercially available
from Heliogen Blue L7101F, BASF) and water in Speed-
mixer™ cups (commercially available from Flacktek, Lan-
drum, S.C.; USA). The loading was controlled at 1:10 active
dispersant to pigment mass ratio.
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The mixtures were then pre-mixed 1n a Speedmixer™ for
30 seconds and then milled with 2 mm glass beads at 3000
rpm for 3 min. The supernatant colorant was set at about 20
to 25° C. overnight, and was used to tint a base paint (1.¢.,
PPG Olympic One Interior Semi-Gloss Enamel (Base
1-356824) at 3 wt. % of the loading 1n the base paint.

The tinted compositions were then letdown on a BYK
BYKO coating char with a 4 mm BYK-Gardner drawdown
bar. After the films dried, a BYK-Gardner spectrometer was
used to evaluate their color (tint) strength.

The results of the color (tint) strength test are set forth 1n
Table 4.

TABLE 4

Dispersant Color Strength

100%
103%
91%

Reference Dispersant
Castor Oil Direct Alkoxylation

Estolide of Castor Oil Ethoxylate
(10 moles Ethylene Oxide)
Soybean Oi1l Ethoxylated Glycerin
(10 moles Ethylene Oxide)

Soybean Oi1l Ethoxylated Glycerin
(25 moles Ethylene Oxide)

99%

102%

Table 4 illustrates that vegetable o1l alkoxylate chemaistry,
specifically estolides of castor o1l alkoxylate, enable accept-
able flowability and tinting power for the blue pigment PB
15:4 1n water and in base paints. As shown in Table 4, the
reference dispersant i1s the commercial standard and the
color strength 1s within at least 10% of the commercial
standard when using the estolide of castor o1l alkoxylate
described herein.

From the above description, 1t 1s clear that the present
disclosure 1s well adapted to carry out the object and to attain
the advantages mentioned herein as well as those mnherent in
the present disclosure. While exemplary embodiments of the
present disclosure have been described for the purposes of
the disclosure, 1t will be understood that numerous changes
may be made which will readily suggest themselves to those
skilled 1n the art which can be accomplished without depart-
ing irom the scope of the present disclosure and the
appended claims.

What 1s claimed 1s:

1. A composition, comprising an estolide having a for-
mula (I):

()

O R’

|
| O+CHy CH-Of=H
O—-CH-CH, Io—<:

O—7CH2-(I?H-O'—H

wherein R' comprises H, CH,, CH,CH,, or combinations
thereof; and x, vy, and z each range from 2 to 100 and
the sum of X, y, and z 1s 1n a range of from 6 to 300.
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2. The composition of claim 1, wherein R' 1s H.
3. The composition of claim 1, wherein the sum of X, v,
and z 1s 1 a range of from 10 to 25.
4. The composition of claim 1, wherein the estolide 1s the
reaction product of castor o1l and alkoxylated glycerin.
5. A method of producing an estolide of castor o1l alkoxy-
late, comprising:
combining a base catalyst, castor o1l, and an alkoxylated
glycerin to form a reactant mixture, wheremn the
alkoxylated glycerin 1s represented by formula (II):

(1)

R
]5‘1’ - O—[CH,—CH—O7~H
H— O—CH—CHy o—<:
o—fCcH,—CH—O01-H
|

whereimn R' comprises H, CH,, CH,CH,, or combina-
tions thereof; and x, y, and z each range from 2 to 100

and the sum of X, y, and z 1s 1n a range of from 6 to
300, and

wherein (1) the castor o1l 1s present in the reactant
mixture in a range of from 60 to 80 wt. % based on
the weight of the castor o1l and alkoxylated glycerin,
and (1) the alkoxylated glycerin i1s present in the
reactant mixture in a range of from 20 to 40 wt. %
based on the weight of the castor o1l and alkoxylated
glycerin; and

heating the reactant mixture at a temperature 1n a range of

from 110° C. to 150° C.

6. The method of claim 5, wherein the base catalyst 1s a
strong base comprising potassium hydroxide, sodium
hydroxide, ammonmium hydroxide, sodium methoxide,
potassium methoxide, or combinations thereof.

7. The method of claim 5, wherein (1) the castor o1l 1s
present 1n the reactant mixture 1n a range of from 65 to 735
wt. % based on the weight of the castor o1l and alkoxylated
glycerin, and (11) the alkoxylated glycerin 1s present in the
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reactant mixture 1n a range of from 25 to 35 wt. % based on
the weight of the castor o1l and alkoxylated glycern.

8. The method of claim 5, wherein R' 1s H.

9. The method of claim 5, wherein the sum of X, y, and z
1s 1n a range of from 6 to 25.

10. The method of claim 5, wherein the sum of x, y, and
7Z 1s 1n a range of from 10 to 25.

11. The method of claim 5, wherein the reactant mixture
1s heated for a time 1n a range of from 45 minutes to 120
minutes.

12. The method of claim 5, further comprising adding a
neutralizing agent aiter the step of heating the reactant
mixture, wherein the neutralizing agent comprises hydrogen
peroxide, acetic acid, citric acid, or a combination thereof.

13. The method of claim 5, further comprising a step of
producing the alkoxylated glycerin prior to combining the
base catalyst, castor o1l, and alkoxylated glycerin, the step
comprising;

combining glycerin and an alkylene oxide selected from

the group consisting ol ethylene oxide, propylene
oxide, and butylene oxide, and

heating the combination of glycerin and alkylene oxide at

a temperature 1 a range of from 120° C. to 160° C.

14. The method of claim 5, wherein the base catalyst 1s
not removed from the composition.

15. A composition produced by the method of claim 5.

16. A cement mortar composition comprising cement and
the composition of claim 1.

17. A pigment dispersion, comprising:

a pigment,

a solvent, and

the composition of claim 1.

18. A lubricating o1l concentrate comprising a base o1l and
the composition of claim 1.

19. An agrochemical formulation comprising (1) a pesti-
cidally effective amount of a pesticide or a mixture of
pesticides and (11) the composition of claim 1.

20. A detergent composition, comprising:

the composition of claim 1; and

at least one of a surface active agent, an enzyme, an

enzyme stabilizer, a hydrotrope, a rheology modifier,
an anti-redeposition polymer, an optical brightener, a
preservative, a dye, and a fragrance.

G ex x = e
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